Human immunodeficiency virus (HIV) infection remains a major cause of morbidity and mortality worldwide. Many studies have found a higher prevalence of hearing impairment among HIV-positive individuals.
tiretroviral therapy (HAART) not only promotes a longer life but also leads to an increase of diseases that had previously been underreported. There is growing concern among scientists about the deleterious effects of HIV and antiretroviral (ARV) drugs on the ear. From 40% to 90% of HIV-positive patients will experience otolaryngologic conditions during the course of their disease. [2] [3] [4] The frequency of these conditions is approximately twice as high in the HIV-positive population compared with the HIV-negative population. 5 Hearing loss has been reported in approximately 20% to 50% of patients with HIV. [6] [7] [8] According to the National Institutes of Health, as many as 75% of adults with AIDS have some kind of hearing disorder. 9 Many hearing disorders are due to a higher incidence of ear disease from HIV itself or from opportunistic infections and ototoxic drugs. 6 Sub-Saharan Africa is home to the most HIV-positive people in the world, 10 yet most studies on HIV infection originate in developed countries. Reviews from Assuiti et al 11 and Mrema 12 found a unanimously higher incidence of hearing loss in patients with HIV, although no strong relation with any specific factor could be drawn. In South Africa, investigators studied the ototoxicity of ARV drugs and HIV. 7, 13, 14 They confirmed the abovementioned findings and emphasized the need for closer monitoring of hearing in patients with HIV undergoing HAART. 13 Since May 2007 in Cameroon, HAART has been available free of charge nationwide. 15, 16 In 1997, Bengono et al 17 found that 21.7% of HIV-infected Cameroonian patients had otologic manifestations. Moreover, studying inaugural manifestations of HIV in 2002, Ndjolo et al 18 found that 11.5% of patients discovered their HIV status after an otolaryngologic event. However, no study has examined the effect of HIV and HAART on hearing in Cameroon. Therefore, this study aimed to assess the effect of HIV and HAART on hearing function.
Methods
We conducted a prospective case-control study in patients aged 15 to 49 years in the National Social Insurance Fund Hospital in Yaoundé, Cameroon, from March 1, 2012, through January 31, 2013. The HIV-positive patients (cases) were selected from the registered center for treatment of patients with HIV; the ear, nose, and throat service; outpatient clinics; or the Department of Internal Medicine. The HIV test was performed in 2 steps. A rapid test (Determine; Inverness) was first performed. If the result was positive, a confirmatory test was performed using enzyme-linked immunosorbent assay or Western blot. The HIV-negative patients were selected from outpatient clinics or laboratories after a negative HIV test result. In addition, we excluded any patient with a medical history of treatment with traditional medicine or a known ototoxic drug (eg, aminoglycosides, diuretics, quinine, cytotoxic agents, and antituberculosis agents) taken less than 3 months before the study, a family history of deafness, occupational exposure to noise, ear surgery, and any condition leading to deafness by itself or its treatment (eg, syphilis, tuberculosis, otitis, meningitis, stroke, cancer, pneumocystosis, neuromeningeal cryptococcosis, diabetes, hypertension, and ear surgery). We performed an otolaryngologic examination with otoscopy. We then performed pure-tone audiometry (PTA) in a soundproof box, looking for the thresholds from frequencies of 125 to 8000 Hz on air conduction (AC) and 250 to 8000 Hz on bone conduction (BC) with the A33 device (Interacoustics). The pure-tone average was calculated and classified according to the criteria of the Bureau International d'AudioPhonologie (BIAP). 19 We recruited a total of 180 patients, 90
of whom were HIV negative (controls) and 90 of whom were HIV positive (cases 
Results
We recruited 180 patients (360 ears), 129 (71.7%) of whom were women (60 HIV-negative women, 22 HAART-naive women, 23 receiving first-line HAART, and 24 receiving second-line HAART). The mean (SD) age was 33.4 (7.7) years, with a breakdown of 35.3 (7.8) years in the HIV-positive group and 31.5 (7.2) years in the HIV-negative group. HIV-positive patients had more otologic symptoms than HIV-negative patients (41 vs 13; P = .04), including vertigo (5 vs 3), tinnitus (18 vs 5), otalgia (5 vs 0), and hearing loss (13 vs 5) . The general characteristics of the cases are given in Table 1 .
The PTA data revealed 49 cases (27.2% of ears) of hearing loss in the HIV-positive group vs 10 (5.6%) in the HIVnegative group (P = .04). The hearing loss was left-sided in 43.0% of cases, right-sided in 21.0%, and bilateral in 36.0%. Sensorineural hearing loss was predominant (61.7%), followed by mixed hearing loss (20.0%) and conductive hearing loss (18.3%). The BIAP classification of the hearing loss is given in Table 2 . The comparison of pure tone averages in AC and BC is given in eFigures 1 and 2 in the Supplement for the right and left ear, respectively. The comparison reveals the gaps between the cases and controls in the frequency range. Table 3 demonstrates a statistically significant increase in pure tone averages in HIV-positive patients (HAART-naive patients and patients receiving first-and second-line HAART) when compared with the HIV-negative patients. They had pure-tone averages of 19.3 dB (P = .006), 20.2 dB (P = .003), and 17.0 dB (P = .04) vs 13.2 dB in the HIV-negative group for the right ear and 17.0 dB (P = .02), 18.8 dB (P = .002), and 18.7 dB (P = .006) vs 12.4 dB in the left ear. On univariate analysis, the age, sex, CD4 cell count, and duration of HAART did not significantly influence hearing loss. Six HIV-positive patients had moderate to profound hearing loss; their characteristics are summarized in Table 4 . All had been diagnosed as having hearing loss for more than 1 year, and 3 were receiving second-line HAART. No significant difference was found in terms of pure tone averages and susceptibility to hearing loss between HAART-naive patients and those receiving HAART. The HIV-positive subgroups had a greater chance of hearing loss than the HIV-negative controls for the HAART-naive patients (right ear: OR, 6.7; 95% CI, 4.3-9.7; P = .004; left ear: OR, 6.2; 95% CI, 3.5-8.3; P = .006), patients undergoing first-line HAART (right ear: OR, 5.6; 95% CI, 1.9-10.5; P = .01; left ear: OR, 12.5; 95% CI, 8.5-15.4; P < .001), and patients undergoing second-line HAART (right ear: OR, 6.7; 95% CI, 3.3-9.6; P = .004; left ear: OR, 3.7; 95% CI, 3.0-5.0; P = .08). In the left ear, patients undergoing second-line HAART had the same risk of hearing loss as the controls ( Table 5) .
Discussion
There is a gap in the recognition of hearing impairment among HIV-infected patients in Sub-Saharan Africa. This study aimed to better understand the influence of both HIV and HAART on hearing in a Cameroonian population. We discovered that HIVpositive patients had poorer hearing on PTA than that of HIVnegative patients. The HIV-positive patients had significantly more symptoms of hearing loss, tinnitus, and dizziness and less chance than their HIV-negative counterparts to have normal hearing. However, when the HIV-positive subgroups were compared, no significant differences were found between them. The age, sex, CD4 cell count, and duration of HAART did not affect hearing.
The otologic symptoms (otalgia, hearing loss, tinnitus, and dizziness) were more frequent in the HIV-positive group than in the HIV-negative group (P = .04). This tendency was also found by Mata Castro et al 5 and Wang et al. 8 Chandrasekhar et al 21 found ear fullness (34%), tinnitus (26%), hearing loss (29%), otalgia (23%), and otorrhea (5%). They also found auditory disease to be affecting up to 33% of HIV- ference lies in their definition of deafness, which they considered to be any hearing threshold elevation equal or superior to 25 dB. The BIAP criteria used in the current study sets the threshold as low as 21 dB, thus allowing more patients to fall into this category. Our findings support the fact that patients with HIV have more otologic manifestations. Hearing loss was bilateral in 43.0% of cases, left-sided in 36.0%, and right-sided in 21.0%. To date, we have no explanation for this left-sided predominance, which was also found by Khoza-Shangase. 14 In fact, ototoxicity can also lead to unilateral hearing loss. 23 As for the severity of hearing loss, 42
(85.7%) of 49 patients in the HIV-positive group and 8 (80%) of 10 patients in the HIV-negative group had mild hearing loss. All 6 patients with moderate to profound hearing loss had their conditions diagnosed more than 1 year before the study and were in advanced stages of the disease. Regarding the type of hearing loss, there was a predominance of sensorineural hearing loss (61.7%). Some authors had the same results, 2, 8, 13, 21, 24 and van der Westhuizen et al 25 found the same proportions in a similar study in South Africa. These outcomes can be explained by the neurotropism of HIV, 3,26 the probable toxic effects of ARV drugs on ears, 11 or by drugs that are used against opportunistic infections. 27 In fact, Marra et al 22 found that, in patients older than 35 years, there was a greater risk of hearing loss linked to HAART. According to these investigators, nucleotide reverse transcriptase inhibitors cause damage in the mitochondrial DNA in the inner ear, which accumulates over time and finds expression in older patients. However, other authors discovered a predominance of conductive hearing loss in adults 2 or children 6 as a result of eustachian tube issues secondary to nasopharyngeal infections or tumors.
The ORs indicate that all 3 HIV-positive subgroups had a lessened chance to have normal hearing than the controls on both ears, except the patients undergoing second-line HAART on the left ear, who had no significant difference with the controls. Age, sex, duration of disease or treatment, and CD4 cell count had no association with hearing loss in logistical regression analyses. However, these results are not conclusive because the comparison lacked power due to the small sample. This aspect must be further studied in larger samples.
The pure tone averages were significantly higher in the HIVpositive subgroups, especially in the higher frequency on AC and BC in both ears. Obasikene et al 28 had similar results in a
Nigerian study of ototoxicity in the general population. Because BC reflects internal ear functioning, this not only confirms the predominance of sensorineural hearing loss but also highlights the need that special attention should be paid to these patients. In fact, the deletion of high frequencies can be disabling, leading to early communication disorders despite an overall moderate hearing loss. 13 One may expect the HAART-naive patients to have better hearing than the HAART-experienced patients. However, of interest, patients receiving second-line HAART had significantly better pure tone averages than the HAART-naive patients, who in their turn had better results than the patients receiving first-line HAART. This finding reflects the efficacy of HAART in improving immune status. In fact, the worse the immune status, the worse the hearing. 22 Some hearing loss may heal as patients enter second-line regimens. The healing from ARV-induced hearing loss has been described. 22 The secondline regimens are composed of newer and safer compounds than those used in first-line regimens. Therefore, the patients could be more observant.
Our results support the theory of the deleterious effects of HIV and HAART on hearing. However, the current study has some limitations. First, it is limited to the 15-to 49-year-old age range. The results could be different in children. However, Palacios et al 29 conducted a study on 23 HIV-positive children aged 5 months to 16 years receiving HAART who had alterations in PTA and brainstem-evoked response audiometry, suggesting that HIV-infected children receiving HAART are prone to hearing damage. Second, fixed-dose combination HAART renders it difficult to study the specific effect of each particular molecule because it keeps its own properties despite the synergistic association. Third, we did not have information on the observance of HAART, and we enrolled patients who had taken potentially ototoxic drugs more than 3 months before their recruitment. The effect of those drugs could be longer-lasting. However, this finding depicts the difficulty of such research in a context where traditional medicines are widely used and most of people, especially HIV patients, are reluctant to participate in research, although it is free of charge. Fourth, we did not perform high-frequency audiometry or distortion product otoacoustic emissions that could better characterize hearing changes, 13, 30 although the use of high-frequency audiometry is still problematic in the absence of a consensus, as is the case for conventional PTA.
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Fifth, we ruled out otosyphilis and cytomegalovirus infections by file and medical history check. Yet they may be of concern according to Assuiti et al. 11 These authors suggest that cytomegalovirus, frequent in the Brazilian population (90% of serum prevalence in São Paulo), could become activated, especially in immunocompromised patients. In Cameroon, the serum prevalence of cytomegalovirus is estimated to be almost ubiquitous in the adult population, 31 whereas that of syphilis is only 5.7%, as found by Noubiap et al 32 in a blood donor population. These pathogens may harm the ears of the HIVpositive patients, causing hearing loss by themselves or by facilitating or enhancing injury by noise and other agents. 33 These results support the hypothesis that HIV-infected patients need monitoring of their hearing at all stages of the disease. Clinical and audiologic follow-up should be performed and appropriate measures taken as soon as possible when an ear symptom is reported.
Conclusions
This study confirms that HIV-positive patients have poorer hearing than their HIV-negative counterparts. However, no ARV regimens could be clearly identified as harmful, and no ef-
